Abstract
Results
Infection with Babesia microti was confirmed in 2.4% (53/ 2204) of small mammals. Significant differences in prevalence rates of B. microti were observed based on variations in forest, agricultural, and residential landscapes. Furthermore, adult small mammals had higher prevalence rates than younger, pubertal mammals. The near full-length 18S rRNA gene revealed that there were two types of B. microti, Kobe and Otsu, which demonstrate the genetic diversity and regional distribution.
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Introduction
Intraerythrocytic protozoan parasites from the genus Babesia, found in wild and domestic mammals worldwide, have recently been responsible for emerging malaria-like zoonosis in infected patients. Transmitted by ticks, causative agents of human babesiosis vary by geographic region, with Babesia microti, maintained in rodent reservoirs, causing disease in the United States, whereas in Europe, the bovine pathogen B divergens is responsible for reported human cases [1] . Only a few human cases of babesiosis have been reported in Asia over the past two decades [2] [3] [4] [5] [6] . Recently, 61 confirmed cases of babesiosis have been reported in China; ten patients infected with B microti mainly in the Yunnan Province, two with B. divergens in Shandong Province, and 49 with B. venatorum (formerly called Babesia sp. EU1) in northern China [7] [8] [9] . There have been other reports of suspected Babesia-like cases, including the first reported case in the Yunnan Province, however they were not clearly identified for exact species [10] . B. microti has been identified in small wild rodents found in North America, Europe, and Japan [11] , and occasionally in eastern China [12] . In southwestern China, the Yunnan province's topographic range combined with tropical moisture, sustains a high biodiversity of small mammals that could potentially maintain Babesia spp. However, little direct surveillance on rodents has been conducted in this area, despite 16% (10/61) of recent reported cases of Babesiosis occurring here. This research aims to investigate the role small mammal play in Babesia transmission in the Yunnan province.
Materials and methods

Ethics statement
The research protocol involving with trapping wild small animals and collecting samples was 
Collection of small mammal samples
During May 2011 to November 2015, small mammals were captured using animal snap traps set at agricultural, forest and residential landscapes in 141 sample locations from 18 counties located Yunnan Province (Table 1) , with a total of 200 snap traps per sample location were placed for three consecutive nights. Mammal species was identified according to external morphology, fur color, measurements and visible characters of dentition [13] , with recordings of sex, developmental stage, and environment taken at the time of sample processing. After identification of species, spleen tissues were removed from the animals and stored in liquid nitrogen until tested. For unidentified species in the field, the craniums were brought to the laboratory for further identification.
DNA extraction and pcr analysis DNA was extracted from spleen tissue using the DNA blood and tissue kit (Tiangen Biotechnique, Beijing, China) according to the manufacturer's instructions. A nested PCR to target partial sequences within the 18S rRNA gene of B. microti-like parasites was done as previously described by Tsuji et al [11] . For B. microti PCR-positive samples, the nearly complete 18S rRNA gene sequence was amplified using primer pairs of Piro0F and Piro6R and of Piro1F and Piro6R designed by Kawabuchi et al [14] . Amplicons were directly sequenced with automated DNA sequence (ABI PRISM 373; Perkin-Elmer, Norwalk, CT). Sequences analysis was carried out using CLC and a FASTA search on the Genbank database. A Phylogenetic tree was constructed using MEGA software (version 6.06) [15] .
Statistical analysis
Univariate analyses was used to access the association between rodents species, gender, developmental stage, sampling location, environment landscape as well as altitude and B. microti by 
Results
A total of 2204 small mammals belonging to 50 species, 26 genera and 9 families from four orders were collected at 141 sample locations across 18 counties of the Yunnan Province. (Table 1, Table 2 Table 2 ). The prevalence of B. microti in small mammals in agricultural landscape, forest landscape and residential landscape were 1.79%, 3.37% and 0.93% respectively with significant difference (p = 0.043) ( Table 3 ). There was no significant difference in prevalence of B. microti between male and female small mammals (χ2 = 0.022, p = 0.882, Table 3 ). However, the prevalence of B. microti in adult small mammals (2.69%) was significantly higher (χ2 = 5.486, p = 0.019) than that in the pubertal mammals (0.37%), as depicted in Table 3 . The prevalence of B. microti in small mammals at the altitude classes of <1500 meters, 1500-2500 meters, >2500 meters were 2.76%, 5.04% and 0.77%, respectively ( Table 3 ). The multivariate logistic regression analysis revealed that sampling at 1500-2500 meters, adult life stage, and forest landscape were risk factors associated with infection by B. microti (Table 4) . Near full-length 18S rRNA gene sequences were recovered from the 21 out of 53 B. microtipositive samples. The sequence from four Neotetracus sinensis, which were collected from Lushui County (C7), were distinguished those from four Eothenomys eleusis collected at the same location. While the sequences from three R. tanezumi and three R. brunneusculus collected at Tengchong County were identical. Phylogenetic analyses based on different representative sequences (deposited in GenBank with accession nos. AY649342-AY649348) revealed that they were divided into two types of B. microti, with two belonging to Kobe type, and five belonging to Otsu type (Fig 1) .
Discussion
Our present study shows the wide distribution and genetic diversity of Babesia microti in small mammals captured from the Yunnan Province based on the large number of samples tested and extent of geographic coverage. More than 100 Babesia species may infect a variety of both wild and domestic animals, but few have been confirmed to infect people, among which B. microti is the main species globally that causes human babesiosis [1] . B. microti infection was found in field rodents sampled in proximity to cases of human babesiosis in Taiwan and Zhejiang Province, China [12, 16] . However, until now, Babesia has not been found in small mammals from Yunnan Province. The prevalence of B. microti in small mammals in our study [2.40%) was in line with the low prevalence reported in the Dapan Mountains of Zhejiang Province (1.30%) [12] . However, the Rattus tanezumi and Nivivnter confucianus in Dapan Mountain had a much higher prevalence (5.6% and 20% respectively) than that of the same two species sampled in our study (2.70% and 0.93%). In China, there were four provinces (Zhejiang, Fujian, Beijing and Yunnan Provinces) which reported the B. microti infection in Nivivnter confucianus [12, 17, 18] , which may be the main reservoir hosts in China. Our study found 12 species were positive for B. microti, which suggests a possible variety of reservoir hosts in the Yunnan Province. The spleen is a secondary lymphoid organ specialized in filtering blood-borne pathogens and the splenic red pulp contains macrophages that trap and remove damaged red blood cells, which is good choice for diagnosis of Babesia infection [19] . The nested PCR is the method of choice for diagnosis of B. microti in the blood of rodent hosts and has a higher sensitivity than nested those for spleens [20] . However, in present research, all small mammals were collected by snap traps and died before we can get their blood. These are some limitations of our project.
The survey sites contained a broad range of altitudes from 500 meters to 4500 meters. Among the three altitude classes, small mammals with highest prevalence of B. microti distributed between 1500~2500 m. This result may be due to the temperature and humidity at this altitude range, which is conducive for tick growth and reproduction. Our findings suggests that the prevalence of B. microti in small mammals varies by landscape type, which is likely related to tick vector density and preferred habitat, with prevalence rates as from highest to lowest as follows; forest landscape > agricultural landscape > residential landscape. This study reiterates the need for individuals traveling into potential tick habitats, like the forest, to take proper protective measures to limit tick bite exposure. The prevalence of B. microti in adult small mammals was significantly higher than pubertal ones, which is likely due to dynamics of parasite carriage and the influence of age on likelihood of exposure.
This research found a high prevalence of B. microti in small mammals in Lushui County (Table 1) with different gene-types carried by different host species. Notably, the prevalence of B. microti in Tengchong (Table 1) was the highest among the survey sites, where six near full- Supporting information S1 Data. The original data underlying the findings described in the manuscript.
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